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ADVANCED FILM VIEWING LIGHT TABLE
A PROPOSAL FOR A DIGITIZED PRECISION STEREOSCOPE CARRIAGE
GENERAL:

A study of precision microscope carriages capable of positioning the
three stereoscopes used with the Advanced Light Tables has been made
by our personnel, The problem is to position the three stereoscopes to
a .001 mm accuracy with a least count of ,001 mm on a carriage that
will accommodate the three units in a normal plus 90° position in
addition to allowing for optimum ease of dial reading. To date we have
not found a conventional "'off the shelf' micrometer movement which
would meet all of these requirements,

In our original proposal, P-3801, we proposed to modify the

STATINTL _Microscope movement. Recent investigation

STATINTL

s

STATINTL
STATINTL

has proved that while this unit will fulfill the positioning accuracy
requirements specified for the advanced light tables, it embodies the
following undesireabel features:

1._ microscope table is large, heavy, and
will be difficult to mount on the advanced light tables.

2. The microscopes will be positioned well above the table surface
requiring an optical repeating system to transfer the image planefrom
the film to the microscope objective. 7This feature will not allow for
rhomboid separation, and additional mounting posts for positioning the
scopes in both the normal and 90° configurations.

3. Since the-table is large, it places the eyepieces of the
stereoscopes 14 1/2 inches above the light table for a-stereoscope

at its minimum working distance and considerably higher for other
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stereoscopes. This heighth would not be conducive to comfortable
viewing.

In order to eliminate these disadvantages, we propose to develope

STATINTL a stereoscope carriage capable of positioning the_

stereoscopes to the desired accuracy and in addition to eliminate or reduce
STATINTL all of the undesireable features of the -unit listed above. An
important feature which will be designed into this microscope table will

be optical encoders attached to the drive screws. These encoders will

STATINTL provide a digital read~out of measured distance to_
starnre [ e e -

The proposed microscope table will be mounted to the present
stereoscope carriage and include scope mounting posts on the top plate
of the assembly as shown in figure #1. Ground lead screws, 12.5 mm
in diameter with 1 mm pitch, will be used to position the stereoscope
carriage in X & Y. The lead tolerance on the screws & Screw boxes
will be better than ,001 mm. The screws will be geared to handwheels
located at the front edge of the stereoscope carriage. Coupled directly
STATINTL to the precision lead screws are two optical encoders_
or equivalent, capable of determining lead screw motion to . 001 mm,
The encoders will read directly into two reversible digital counters
(X & Y) mounted in a cabinet & Placed in close proximity to the interpreter.
Readout will consist of five NIXIE tubes in each counter reading microscope
position data to two significant digits and three decimal places. A readout
of this nature will provide the optimum in readability with a minimum of

reading error as might be realized by an operator reading an indicator dial.
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ADVANCE FILM VIEWING LIGHT TABLE

A PROPOSAL FOR A DIGITAL POSITION READOUT OF THE MICROSCOPE
STAND BY
STATINTL

We propose to mount two linear inductosyns to measure

displacement along the X-axis and displacement along the Y-axis

STATINTL of the microscope stand on Tables #2 and #3, designed by-

STATINTL - Each inductosyn consists of a "scale" which is

fixed to the platform and a '"slide" which is attached to the
microscope. The distance traveled by the microscope will be
displayed on a digital readout unit.

STATINTL We propose a linear inductosyn built by_

STATINTL -This unit will provide the capability of measuring to an

accuracy of 2.5 microns (0.0025mm).
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ADVANCE FILM VIEWING LIGHT TABLE

A PROPOSAL FOR MEASURING THE POSITION OF THE MICROSCOPE STAND

STATINTL DESIGNED BY

STATINTL
We propose to adapt the D.I.Ge

system of measuring position to determine the X and Y position of
the microscope. The D.I.G. system uses the principle of reading
a scale to determine the position and is capable of measuring to
an accuracy of 2.5 microns (0,0025mm). This method will enable
us to read both the X and Y dimensions simultaneously and display
them digitally, however, it is not capable of automatic digital
readout.

This system does not have a storage capability. Thus each
microscope position must be read and recorded. The distance traveled
is obtained by manually subtracting the two recorded positions.

Lack of complete data from the vendor limits our proposal
at this time to a concept. A more detailed proposal will be pre-
pared if it is warranted when the manufacturer's design data 1is

received,

STATINTL
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WE ARE PLEASED 1O ANMOUNCE TrAj—
INCLCTOSYNS, BOUTH iiSEAi AN ROTARY. AKE NOW SUPPLIED MADE ENTIRELY
OF METAL, INSTEAIS OF MOURTED ON Gl A AS HERETOFOKE
THE CONDUCTOR PATTERNS B OF METALLE, COPPER 0027 THICK, SECURED TO A
THICK METAL BAS 47 AN INSt LATING BONDING LA ER 00257 THICK.
THE BASES ARL =iail OF VAKIOUY METALSY oo IRON, STELL, (AND STAINLESS)
ALIPMINE M MAGSNE= 8t o 10 MATCH THE METAL OF THE MACHIANE TO WHICH
YIS MOt NTED
THE ALL-METAL LINFAR INDUCTOSYN COMPRISEY:

SCALE 16x 74 5 479 INCHES

SLIDER. v 0 5 2879 x 37y INCHES
WHEN SUPPLIED IN IRON, THE TRANSIORMATION RATIO Is INCREASED BY A
FACTOR OF 6.
THE ALL-METAL ROTARY INDUCTOSYNS ARE SUPPLIED IN ALL METALS, THE SAMY
SIZE AS HERETOFORE WITH AN IMPROVLED TRANSFORMATION RATIO WHEN IRON.
THE THERMAL EXPANSION OF THE INDUCTOSYN IS NOW MADL IDENTICAL 1O THE
MACHINE.
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THE INDUCTOSYN PRINCIPLE

The operating principle of the Inductosyn may be under-
stewnd by reference 1o the Rotary form, which has an essential
aonlanty to an electrival resolver or a selsyn or synchro. In
dE ot these devices, the ostput signal as a function of rotation
angle 1 oblutned by the inductive coupling between stationary
st maving conductons. The hasic principle is well illustrated
m the eleciromagnetic gomometer, ilustrated in Figure 3. It
Otineats o twer stattonary cronsed coils and a third coil mounted
o tsrating shaft, 3 two of these desices are paired and their
“tatmmnary fsdator ) cothy connected together as shown n (A) of
Frgure b they mus be used as transmistter and receiver of angu-
20 dats Bt oan ae voltage o apphed W the rotary coll (rotor)

it prasrntter . g voltage maximum will appear at the rotary
Yo reweiver when the wo rotors are at the same angle
with e t to ther associated stators, and o vollage aull will
mwnt sb 0 S from this position. As the rotor of the trans-
matter i turpasd, the mduced soltage in one stator coil tollows
o st aursy and the voltage mduced 0 the other foliows &
w BN CREN Y

B of Figure 3 shows how one of these devices csn be used
i sepERiust R <hghe B response G an input of anslop volt-
s epResrtiiing the singe and cosae ot the roquired sngle.
K he uipet swifage of the seconet rolor s at o nubl, ity
segiikat it correspondds to the comclemeni of the angle
g wemer piaf Lurig afe desclopoed n the control

Br s sevnbn st that the location of the aull s not dependent
- spbtasts of the B ME, but onls upon the ratio of the
thie s ar ot sl Colb- -The Fstas of the wae amd the conine
wited anighe - whwh, of coutse, i the fanzent of this

w

A ~ Fig3

FARRAND COMNTROLS, N

1as the taio o

angle. This ratio is obtained, in B of Figure
the resistances of the sine and comne windings o g g1
polentiometer: thus angular position can he achiesed e icrr:
of resistance ratios,

The conventionat electnical resolver, which s widein uwd &
serve sk computer applications, is identical 1n principic o the
goniometer It s an ron-core device, construcied gencrafls -
shown i Figure 4, which indicates a two-pole wiranpemes
cach puole beng biturcsted and having windings desplaced =
20 clegineal degrees. The voltages induce wEtprs 4ry
proportional 1o the sine and cosine of the mechanical angle of
the Gansmitier rolor. A receiver whose stator windings are con-
nected W the respectise stastor windings of the ransmitier will
produce o rolor ouiput voltage which varws sinusnidally with
thie anplc beiween rofor and stator, and . o ull when the
potor -teeatator anghes of tranamaticr and pooveos e z,t.fff:g&i;—
Mivistars,

bt the bodi iy, dthe conls wie mctallic dajomiie o

s abises of plutes, amd are o the Lam of B o
E ¥
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THE INDUCTOSYN tlp-codo e
¥ current flow on the input winding is @ out of the paper and
SN O = @ into the paper. In (A) the input and output conduciors
—t are at minimum separation and a maximum current is induced
i in the output winding, as shown by the positive prak of the
L 2 ™ . coupling curve in (C) directly below the first turn of the output
. co: * — winding.
g _ In (B) the output winding has been displaced Y4 cycle to the
- right. In this position, the input conductors are midway between
-4 the output conductors, there are equal induced currents m
t opposite directions, which cancel, and the resulting outpy
L X . 48, curient is zero, as shown by the intercept of the coupling curve
" i in (C).

—{“ A further 14 cycle displacement of the output winding woul
give another maximum induced current, this time i the Op-
posite direction, as shown by the negative peak of the coupling

. curve in (C).
: p = PP
' - 2 1f the displucement, x, is measured from the (A} position
r Mm NCE INPUT  the ccupi;: curve shown represents the cosine x output. A
. inz dis 7 : ¥ Trad gV 4 RIND X
RESOLVER a ‘;5«:::‘:&;‘),‘n‘:;l.nrlm.‘umT displaced V4 cycle from the f

s,
Fig. 4

tance twasally erther O3 inch or | mm. which gives a dis-
taice pox cyche of G.F inch or 2mmy. In #s presest form,
64 or 96 poles are provided on each of the Lincar Inductosyn
sider (siator i wmdings. The siaor oulput voltages are

. 2ex 2zx
5in - and cos WE .

wisere x s the bocar dnplacement and 5 s the pole spacing.

The osutput signaks derived from the Inductosyn are the result
of averapmng oves the wial member of poles. thus the effect of
sonaii sessduat errors i ndividual conducion spading is com-
pemsated if the spacing error throughout the whole patiern 1
sychc e the Rotary Inductosyn. oaly oyl crfors in SPacing

Fig. 5

cam exist, since the patiern s continuous. In the bimear Inducto-
awn. e -Cyihic eFfory are possible, snd cxireme care is exercised
ity manEf acre 10 minmze them.

Figure 6 tlustrates how the output voltage is produced in
the Inductasyn windings. The illustrations show schematic cross
wecteons of single input and output windings. The dircction of

T 08 #9040,8uE. FEB. 1865 TuRM Juug

MiNIMUM COUPLING

C.
0 - ¢ 1\\ /r ‘T\’\ o
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i

E.x RN i;/;

COUPLING WAVE OF A SINGLE WINDING
Fig. 6

In general, the induced output voltage will not be a pure
sine: o1 cosine function, but it will be a periodic function with
a perniod equal 1o double the input conduclor or pole spacing.
It may therefore be considered to be the sum of a sine (s
cosine ) curve plus a series of hurmonics. With suitabic desgn
of conductor widths and spacings in the Inductosyn paticins,
these harmonics are suppressed 10 Jess than (1170 of the funda-
mental, and a ncarly perfect sine wave coupling is achieved,

The two-phase operation is achicved by providing two inde-
pendent windings on the Inductosyn stator, It 1y important to
note that the 90° phase dificrence between these windings is in
space phasc and pot in time phase. One set of windings is dis-
placed in onc-quarter space cycle from the other: the windings
on the stator are arranged in groups to permit this displacement.
Figure 7 shows schematicaliy how this is accomplished. The
resulting coupling waves to the two windings are shown. If a
vertical line is drawn through this pair of curves, two specific
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volhuage values correspond to the points where this vertical line
cuts the two curves, and this pair of values is unique for the
position represented by the vertical line, If, now, voltages
equal 10 this particular pair of vilues are introduced into the
two stator windings of a receiver, the output from the rotor will
be a maximum when it is in the position corresponding 1o this
vertiwsl line, and will be u null at o point 90° distant. Thus, the
output from the rotor of a receiver Inductosyn is also a sine
curve. This 1s the normal means for operating the Inductosyn
to cither follow another tramsmitting Inductosyn or to repro-
duce 3 desired position from a control. Any method of produc-
1% these voltages can be used to provide the input data. Several
rethonds of doing this will be discussed below

U

TWO WINDINGS iN 90°
SPACE PMHASE.

TWO PHASE COUPLING WAVES
Fig. 7

P prcrpic of the Lincar Induciosyn n exactly the same
a thusk oof tiae Rotary, incar distances beng cquivalent (o angles.
The water of the Lincar loductosyn i hnown 4s the slider,
avad the rotire s the swale. Either shider of «ale may comprise
v movsng clement, the other beng stationary. In the Rotary
brw bty re. the imfuced signals are averaged over the entire
s culat pattern, m the Lwcsr Inductosyn, the signals aie aver-
srd over & Ol corresponbing 10 32 or 4% cycles. The
b mesr Induckonyn swabe n provided m 10-mch sections, which
ey e movsted end-to-end and connected m series 10 provide
a5 g 4 scale a5 may be aecemary for the intended purposc.

ACCURACY OF THE INDUCTOSYN

The performance of 3 dasta device may be siated in a number
o dflererd ways, aond it is imporiant 10 distinguish these from
o anotier m considermg the lterature, In particular, the term
Cacenracy” w often mivmed. The definitions of the terms used
e connectiurn with the tnductosyn are as follows:

Accuracy: Vo term desceives the precision to which a position
ot the dais clement may be measured or reproduced with
respect to an atwsohue evternal dimensional reference of either
snghe o leogih 1 may be:
[. The ercon between the position of the transmitter In-
drictemy s st the receiver Mductovym in & seTvo system (in
termme of either angle or distance) B
7 fhe error hetween the position of the moveable cle-
ment of an Inductosyn with respeet 1o its stationary ele-
meni and the povition corresponding to the ratio of the
sine and covne voltages al either:

a2

FARRAND CONMTIROLS, INC.

a. The outputs of the Inductosyn stator or

b, The inputs of the Inductosyn stator

in terms of cither angle or distance.
Accurucy defined in this way can be consdercd only in trrms
of a_complete system. and this s the most strmgent possibic
definition of the term.

Repeatubility. This term describes the precsion (o which 4
mechanical position, or a sine/cosine voltage ratio correspond-
ing 10 a position can be repeated on successive trials.

Semitivity - ‘This term describes the smaliest movement which
can be reproduced or measured by the device. its definition
requires a statement of useful signal-to noise rutio und system
bandwidth, dJefining the time over which the chacivation 1
made.

On the basis of the above definitions, the performuance char-
acteristics of present Inductosyn components (in terms of peak
ersofs——nol rms} are as follows:

ACCURACY:
Rotary Inductesyn: The Rotary inductosyn o avatiabke in
three different sizes, and in the form of individual dewcs which
may be directly mounted on 4 specific iicin of equipiwni uf @
complete assemblics tor coupling o a shaft. Becawse of 1oudual
mechanical errors mvahved in the complcte aswembhics the
stated accuracies sre not as high as for direct mounting
Rotary Induciian dccro s
Rotary Assembly Threct Moy

37 Siex OO0 seeonds of are R eweannds ol gre
77 Size 5 secomds of arc 3 oseconds ol arg
12° Saze * 2 seconds of arc *1 osevemd od are e
Linear Inductosyn: Ihe iincar Inductoss= is picseniiy atsde |
N . & ]
with a conductor spacimg of 45 mnch 10§ inch cycler. or ) I~
maflimeter (2 mm. cycicd, the -lider has either 64 o5 %6 poics -
and is approximately four inchos in fength. the scales are fui- B
nished in 10-inch fengths, Y
) ) : A
The accutacy of the Lincar Inductonyn is 0001 inch for the |

inch scale and = 0025 mm. 1o the metnic scaie over the entire

Sength of the scale_The reference is the U5  National Burcau
Standards inch und meter. and the reference temperature »

68" Fahrenheit.
Scale segments of the Lincar Inductosysy sre customands
arrayed end-10-¢nd 10 provide for measurement over large dis-
tances. The accuracy of such an array is dependent upon the
precision 10 which the indis mhial segments sre positioned
REPEATABILITY:
Rotary Inductosyn:

Dyirect Motivien::

3" Size b second ot ang
7" Size 6 second of ary
127 Size .2 second o arc

Livear Inductosyn: 00001 inch (10 micro-inches)

or OS5 mm. (0.25 microns)

SENSITIVITY:
Retary Inductosyn: Direct Mowniing
3" Size .25 sewond ol arc
7" Sire 15 second of arc

12" Size
Lincar Inductosyn:

5 second of arc
000002 inch (2 micro-inches)
or .00005 mm. (.05 micron)

The above stated sensitivities are for signal-to-noise ratios
and handwidths consistent with normal operation of Inducto-
«vi servomechanisms and other systems. Measurements made
with reduced bandwidth (onc second time constant) on the
Y size Rotary Inductosyn have indicated a noise level cquiva-
lent to a rotatton of .00 second of arc.
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A PROPOSAL FOR:

A STUDY OF FLUORESCENT LAMP FLICKER REDUCTION TECHNIQUES

Although the requirements of the general illumination system in the
Advanced Film Viewing Light Table have been achieved, we have noted
.ut-xeveral‘ inherent characteristics of a cold cathode lamp which tend to
degrade the quality of its light output, One of the most troublesome
from an interpreters viewpoint is a flicker which is an exaggerated
stroboscopic effect. We believe that further improvement in the
techniques necessary to reduce flicker can be made, and therefore
propose a program to study the phenomenon and conduct a comparitive
evaluation of flicker reducing electronic circuits,

The flicker referred to in this proposal is not to be confused with
an "on'' - "off' type of flicker that occurs in fluorescent lamps when
the gas. inside the lamp is not properly ionizing, When the conditions
are not conducive to proper lamp illumination it is reasonable to expect
incomplete ionizing of the gas inside the tube. However, it has been
our experience that flickering 11;1 a cold cathode lamp is induced by a
ringing condition in the secondary of the transformer. The circuit
ringing tends to allow the lamp to operate in an unstable condition
which results in variation in its light cutput. The ringing frequency
appears to be characteristic of the particular lamp grid/transformer
configuration. In instances when the transformer-lamp circuits have
been selected to eliminate ringing in the secondary, a large controllable
dimming ratio could be obtained, For example, we have conducted tests

where laboratory cold cathode lamps have been dimmed to ratios of

300:1 without a trace of any flicker even when the tube was being observed

STATINTL
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directly ( without a diffuser).

We would like to study the flicker phenomen in greater depth,
Several reasons prompt this proposal., First, with more knowledge
of the cause and circuit design, greater dimming ratios could be
reliably achieved in different configurations of the light sources as
well as those having larger or smaller illumination areas. Presently
orfaway of reducing flicker is to provide more diffusing by either
providing a diffuser with less transmission capability or to make the
light box deeper which would result in better diffusing. A scheme
that would eliminate the flicker entirely would increase light output
and result in smaller packaging.

Secondly, we propose to study techniques that will compare
illumination and dimming when alternating and direct current is
passed through the lamps, Special compensating networks will be
tried in the secondary of the operating transformers to eliminate or
minimize the ringing condition, ILamps of different pressure will
also be tried to determinev how this parameter effects the conditions
that prevail during flicker.

The final product of this study program will be to provide a
greater insight for the circuit designer in the cause of the flicker
phenomenon and the circuit design techniques by which flicker can

bhe reduced or eliminated,

STATINTL
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ADVANCED FILM VIEWING LIGHT TABLE
A PROPOSAL FOR A HIGH INTENSITY GENERAL ILLUMINATION SYSTEM

The purpose of this proposal is to suggest increasing the light
output of the cold cathode lamp in the general illumination system to
3,500 foot lamberts so that the high intensity tracking lighfsources
can be eliminated.

Technical discussions with the cold cathode manufacturer inducate
that a light level of 3,500 ft. lamberts or greater is feasible in a
configuration of an 11'' X 40" light source such as is found in table #3.
In fact, intensities as high as 5,000 foot lamberts are feasible, but
this level of light would require several transformers that are larger
than those we are now using. However, by eliminating the tracking
light source, the area permitted for transformer packaging is increased
to dimengions of 6 1/2"" X 4 1/4" X 15 1/2", We propose to develope
a special transformer that will fit into the above space and match this
transformer with a cold cathode lamp capable of delivering 3,500 ft.
lamberts.,

The length of tubing inside the lamp holder would have to be
increased by 75% or a total length of approximatily 73 feet to obtain
a light output of 3,500 foot lamberts. Based on our current application
andexperience a transformer with a rating of 13 kv at 60 ma. would be
required. While the actual illuminaticn level that can be achieved will
be determined experimentally, and would depend on the actual lamp
design, it is conceivable that levels of 3,500 foot lamberts or more are
feasible. The light intensity on each half of the microscope could bg
varied with an optical filter if required.

Advantages to this approach.

STATINTL
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1. It would make the light table less complicated .;:md more
reliable since the individual tracking light sources and their associated
mechanisms would be eliminated,
2, It would provide more illumination when viewing the film without
the microgscope if it is needed, |
3. Production quantities of the light tables would cost less,
4, The problems with variation in color temperatures by dimming
- the incandescent lamps are eliminated, Color correction would not be

required,

Disadvantages to this approach.

1. Unit will be heavier due to increased transformer size, (By
approximately 10 pounds.,)

2. Surface temperature due to increased light output may require
special ventilation, to keep it below the specification of 110°F in an

80°F ambient. A more detailed study of this factor will be required

- during the design.

3. Increased voltage inherntly will require more detailed design
consideration to make sure the unit is completely free from shock

hazards,
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ADVANCED FILM VIEWING LIGHT TABLE
A PROPOSAL FOR A FLOURESCENT HIGH
INTENSITY ILLUMINATION SYSTEM

An experimental intensity value of 3,500 foot lamberts has been

STATINTL determined by-per sonnel to provide adequate illumination
STATINTL of the film area with an average density of 2 as viewed with th'e-

stereoscope.

e

We now propose to replace the two incandescent condenser~type
light sources described in paragraph 4.1.2 of the technical exhibit
with two flourescent lamp sources.

These flourescent light sources will illuminate a surface area

110 mm X 110 mm and produce 3, 500 ft, lamberts or more,

The proposed unit would consist of two individual cold cathode
type light sources housed in a light box approximately three fourths
of an inch thick and approximately four inches square, The lamp
grid tubing will be approximately 7 mm in diameter and the unit will
be completely potted in a clear potting compound to insure a rugged
package. The high intensity light source will have an opaque divider
down the center of the lighted area which will divide the lighted area
into two sections 55mm X 110 mm, In each section there will be a cold
cathode lamp capablé of illuminating the 55 mm X 110 mm area to
3,500 foot lamberts or greater, Each lamp will be individually
controlled with a dimmer capable of reducing the illumination intensity

from maximum intensity to 50% of maximum intensity.

STATINTL

App_



f

030Q49-0
STATINTL

-2

The 4" square light box will track in the X and Y direction
similar to the method proposed for the condenser type light sources,
The larger area of uniform light would provide the necesgsary background
for the required rhomboid separation orn the microscope, FEach individual
lamp would be controlled from a transformer which would be capable
of delivering approximately 2 kv at 30 ma. The lamp intensity would
be controlled by changing the input voltage to each transformer,

Advantages to this approach:

1, Light source will be smaller in depth than the proposed condenser
light sources allowing the distance between the general illumination
system and microscope to be smaller,

2. The flourescent lamp will operate at a lower temperature than
an incandescent lamp. Potting of the flourescent lamp will also reduce
the operating temperature. This will reduce or eliminate the background
noise created by blower motors required for cooling the incandescent
lamps,

3. The proposed light source is simpler than the incandescent lamp
because it will congist of a single bulb (no lens assembly)., While it
poses several design problems it should cost less in production quantities

4. The color temperature will not change for the cold cathode lamp
as it is dimmed, Dimming clmagpdthe incandescent type sources is
associated with a change in color temperature.

5. The proposed flourescent lamp ‘wi'.ll provide a larger area of high
intensity light than the two 40 mm illuminated areas provided by the

incandescent type light sources. -
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.o A aClis 03Q940-0
STATINTL

(

-3
6. Tolerances on the X and Y movement of the tracking light
sources will be made less critical by illuminating a larger area.
7. The low voltage, high current D,C, power supplies required

% lamps will not be required,

Disadvantages of this approach,

1. The flourescent lamps are more hazardous than incandescant
lamps because the lamps require higher voltages. The design must
consider the problem of supplying power leads in such a manner as
to minimize the wear due to movement of the light source.

2. The flourescent lamp will increase the weight of each table.
Two additional transformers approximately 3" high X 2 1/2" wide X

4" long, will have to be packaged into the table base.

STATINTL
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